This paper investigates the direction of temporal causality between budget deficit and interest rate in South Africa using quarterly data for the period of 
INTRODUCTION
The issue of whether government deficit raises interest rate has received quite a bit of attention in recent years. Conventional macroeconomic paradigm implies that large deficits will increase interest rate which, in turn, will discourage interest-sensitive private expenditures, especially investment, and, hence, adversely affect economic activity.
Even though, the relationship between interest rate and budget deficit has been an important empirical question for a while, results have been ambiguous.
While some studies have found a positive relationship, others indicate that the two variables are unrelated. Moreover, in some instances, bidirectional causality has also been observed.
Given that there exists no coherent finding, as far as the relationship is concerned, and seems to be country-specific, 1 it is important to analyze the relationship in the context of the South African economy. This is more so, with the South African economy planning to increase expenditure in the lead up to world cup in 2010. It is, thus, essential to figure out whether deficit causes an increase in interest rates and, hence, could lead to a slowdown in economic activity.
For this purpose, our study uses a Vector Error Correction Model (VECM), estimated using Johansen's (1991 Johansen's ( , 1995 maximum likelihood approach. Note that Johansen's (1991 Johansen's ( , 1995 approach incorporates a potential channel of causation which might exist if the variables are cointegrated or have a common stochastic trend (Granger,1983; Miller and Russek,1990) , unlike in the standard Granger causality test. And, hence, provides a more robust analysis of causality.
The paper is organised as follows: Besides, the introduction and conclusions, Section 2 discusses the literature on the causality between budget deficit and interest rate. Section 3 lays out the methodology and the data, while, Section 4 presents the empirical results.
1 See for further details in Section 2.
LITERATURE REVIEW
Conventional wisdom suggests that higher government deficit will increase the interest rate which, in turn, will crowd-out private investment and lead to slow down in economic activity. Economists have, however, debated on the direction of causality between government deficit and interest rate, using both, theoretical and empirical models. In summary, the results have been found to be ambiguous.
The loanable funds model predicts that, in the absence of debt monetisation, the effects of large fiscal deficits could lead to large effects on interest rates. Brunner (1984) , indicates that since interest rates are determined by stock demand and supply, based on the portfolio analysis, and not by flow demands and supply, as suggested by the loanable funds model, this could lead to either significant or negligible effects of deficits on interest rates, depending on the sizes of accumulated stock of debts and deficits.
According to Premchand (1984) , the budget deficit financed by borrowing from the private sector leads to an increase in the supply of government bonds, and to attract the private sector to buy these bonds, the government has to offer them at a low price, which essentially implies an upward pressure on interest rates, which causes crowding out of investment in the private sector. According to Mankiw (1997) , as government spending increases, it raises planned aggregate expenditure and, hence, output. The resulting increase in real demand for money reduces demand for bonds by pushing down the bond prices and raising the interest rate. Evans (1987a) suggests that an increase in government budget deficit, resulting from lower taxes with constant government consumption, would tend to raise disposable income, and, hence, domestic consumption. If, at least, a part of the increase in consumption is devoted to domestically produced goods, money demand would increase, and the nominal interest rate would then need to rise to ensure the money market equilibrium. Yallen (1989) , however, adds another channel through which crowding out occurs. He points out that in a closed economy; deficit finance raises real interest rate and crowds out investment. But, in small open economy, with international capital mobility, government deficit raises interest rate, leading to an inflow of foreign funds. In such a situation, with a flexible exchange rate regime in place, the domestic currency appreciates and causes a reduction in the competitiveness of the economy's products in the international market.
Zahid (1988) argues, that when the government budget deficit is defined properly to reflect the government excess demand for funds from nongovernmental public, and the counter cyclical variations in the deficit figures are adjusted for, a positive impact of deficits on real interest rate is observed for the United States over the period of 1971 -1980 . Tanzi (1985 , based on American data, also finds a positive relationship between higher fiscal deficits and interest rates. Gupta (1992) noted a positive relationship between budget deficits and interest rates in four Asian economies at the 5 percent level of significance, and could also add two more countries to the list at a higher level of significance. Kuehlwein and Samalapa (1999) also report budget deficits to have raised real interest rates in Thailand. Miller and Russek (1991) , used standard Granger causality and Vector Error
Correction to examine the issue of causality between fiscal deficits and interest rate, based on both quarterly and annual data. The findings were mixed. Using standard Granger causality, there was little evidence suggesting that deficit Granger causes interest rate or vice versa on both quarterly and annual data.
However, Miller and Russek (1991) found that when the error correction framework was used, bidirectional causality between federal deficit and long term interest rates was detected in all formulations, except in the case of annual data, which provided some weak evidence of the deficit causing the short-term interest rate.
Some authors, like Mankin (1983) , Darrat (1989 Darrat ( , 1990 , examining the impact of interest rates on fiscal deficits supports the hypothesis that long-term interest rates have significantly increased the budget deficit measures of the United
States. Cheng (1998) , however, finds no evidence of causality between budget deficits and long term interest rate in Japan. Instead, he detected a causality relationship running from deficits to short term interest rate using Hsiao's version of the Granger causality method.
In complete contrast to this, the Ricardian equivalence hypothesis discussed by Bailey (1972) and Barro (1974 Barro ( , 1981 Barro ( , 1987a , concluded that interest rate does not rise in response to federal deficits, since these deficits are fully offset by increases in private saving. This is because taxpayers anticipate future tax increases which are required to satisfy the government budget constraint. This finding was supported by Plosser (1982) and Evans (1985 , b). Evans (1985 dealing with the question of whether large deficits tend to produce higher interest rate argues that large deficit has never been associated with high interest rate over a century of US history, and, interestingly, the trend was rather negative during the postwar period. , also echoes similar findings. Based on a multivariate Granger causality test on the effects of American federal deficits on short-term interest rates, the author suggested that none of the measures of deficits Granger causes the interest rate. Evans (1987a) , based on a model where a country's nominal interest was an increasing function of domestic government consumption and domestic expected inflation, and a decreasing function of domestic real money supply, found no evidence of budget deficit to increase the real rate of interest, when estimated for Canada, France, Germany, Japan, the United Kingdom and the United States.
Interestingly, Kolluri and Giannaros (1987) and Swamy et al. (1990) , finds that increases in budget deficits actually depresses interest rates. 
Data and Methodology

Data discussion
In this study, the quarterly time-series data covers the period from the second quarter of 1961 (1961:02) i) x causes y , but not vice versa;
ii) y causes x , but not vice versa;
iii) x Granger causes y and y Granger causes x , and;
iv) x and y are independent to each other.
It is important to note that the statement " x Granger causes y " does not imply that y is the effect or the result of x . Granger causality tends to measure precedence and information content, but does not by itself indicate causality in the more common use of the term. At this stage, it is important to emphasize that the outcome of standard Granger causality test is sensitive to the number of lags introduced in the model. However, it is possible that long run equilibrium relationship exist among the variables. In this regard, Granger (1983 Granger ( , 1986 and Engle and Granger (1987) In this study, however, Johansen's (1991 Johansen's ( , 1995 Full Information Maximum Likelihood (FIML) approach is used to estimate not only the long run relationship between variables but also the associated short-run adjustments processes. The reason is that, unlike the Engle and Granger (1987) framework, the FIML approach allows for more than one cointegrating relationship, when more than two variables are involved in the econometric specification. Based on a restricted Vector Autoregressive framework, the Johansen's (1991 Johansen's ( , 1995 approach also does not require treating the variables, whose causal relationship is not analysed, as exogenous.
A VAR model with p lags can be represented as follows: system (k = 6), the number of cointegrating relations can vary between 0 and k-1, which means that at most five cointegrating equations (r < k) can be obtained. Based on the 6 variables, our VECM can be represented as fallows: β β β β β β β α α β β β β β β β α α α α α α β β β β β β β α α α α α α β β β β β β α α α α α α α α α α α α α α α α α α 
Note the finding of cointegration necessarily implies the existence of temporal causality in at least one direction, and if any of the cointegrating equations deviate from its long run relationship, adjustment will be made gradually by the elements of the α matrix, known as the loading matrix of the VECM.
Empirical results
The univariate characteristics of the quarterly data was analysed by using the Augmented Dickey Fuller and Phillips Perron tests, in levels. 2 The Treasury Bill rate and real gross domestic product were found to be integrated of order one I(1), while others were I(0). But using the annual data, inflation, besides
Treasury Bill rate and real gross domestic product, were found to be integrated 2 See Appendix I for further details.
of order one (I (1)). Since non-stationary variables are involved the use of a VECM, based on differenced and, hence, stationary data is required to determine the direction of temporal causality between budget deficit and interest rate in a multivariate framework.
Quarterly data
Before we analyse the Granger causality in a multivariate framework, bivariate
Granger causality tests, reported in Table 1 , were used to provide a preliminary idea of the direction of causality between interest rate and budget deficit.
Alternatively, this means that we check if the past value of deficit helps in the prediction of the current interest rate, or if the past value of interest rate helps in explaining the movements of the current budget deficit. The results show that the null of budget deficit does not Granger causes interest rate is rejected at the 10 percent level of significance, but the null that interest rate does not Granger cause deficit cannot be rejected at the 10 percent level of significance. Therefore, based on the simple Granger causality tests, it appears that Granger causality runs in one direction, and that is from deficit to interest rate.
Given that now we have a preliminary idea about the direction of causality in a bivariate framework, we go ahead and use the Johansen's (1991 Johansen's ( , 1995 methodology to check whether the results from the bivariate framework carries over to a more general econometric structure. More precisely, the Johansen's (1991 Johansen's ( , 1995 
The unrestricted results from the Johansen's (1991 Johansen's ( , 1995 cointegration approach is reported below in Table 3 . Given two cointegrating relations (r=2), the Johansen (1991 Johansen ( , 1995 procedure gives the maximum likelihood estimates of the unrestricted cointegrating
Table3: Unrestricted Results
Unrestricted
β . Even if the unrestricted β is uniquely determined, depending on the chosen normalization, β is not necessarily meaningful from an economic point of view. Therefore, an important part of long-run cointegration analysis is to impose (over-) identifying restrictions on β to achieve economic interpretability (Hendry et al. 2000) .
Since we are more interested in the relationship between the interest rate and the budget deficit, both the variables have been restricted to be equal to unity in the After having imposed the restrictions, the two long run cointegrating equations obtained were as follows:
The first cointegrating vector tbr = 4.465041def_gdp + 0.216533ch_debt-4.422692lrgdp (7 Table 5 .
As can be seen from Table 5 , 3 percent of the deviation from the long-run equilibrium in the Treasury bill equation in quarter t is corrected in quarter t+1
by the interest rate itself, while the deficit tends to correct nearly 1 percent of the discrepancy. For the deficit equation, however, the interest rate and the deficit corrects for, respectively, nearly 4 and 8 percent of the deviation in period t+1. Interestingly, the change in debt and GDP, the latter though by very small degree, tends to push the system away from equilibrium. Note bigger the adjustment coefficients, the quicker the adjustment process. Since the adjustment coefficients on the balance of trade and inflation are zero, they play no part in the adjustment process. 1965 1970 1975 1980 1985 1990 1995 2000 2005 Cointegrating relation 2
It is worth noting that Granger causality is quite different from a test for exogeneity (Enders, 2004: 283) . While exogeneity of one variable, means that it is not affected by the contemporaneous values of the remaining variables,
Granger causality refers only to the effects of past values of the other variables on the variable of our concern. However, from the VECM, it is possible to determine if the coefficients of a particular lagged differentiated regressor are significantly equal to zero. If yes, then that particular variable does not Granger cause the independent variable. The results, reported in 
Annual Data
As with the quarterly data, we start off, for the annual data, by performing the pairwise Granger causality tests between budget deficit and interest rate. The results have been reported in Table 7 . Moving on to the Johansen (1991 Johansen ( , 1995 ) methodology, we find that the VAR satisfies the stability condition, since no root lies outside the unit circle. 8 .
Moreover, based on the Akaike information and Hannan-Quinn information criteria, we find that the 1 lag optimally represents the structure of the annual data modelled in the VAR.
9
Having ensured that, the VAR is stable and 1 lag is required to describe the data, we carry out the cointegration tests by allowing for a linear deterministic trend in the data, and an intercept but no trend in the cointegrating equation. While, the Trace test indicates 1 cointegrating relation (r = 1) at the 5 percent level of significance, the Maximum Eigen Value tests finds no cointegrating relationship at the 5 percent level of significance. However, given that the Trace statistic is a more reliable test for cointegration, 10 we proceed with the analysis based on one cointegrating vector.
Given that there exists one cointegrating relationship, the cointegrating vector and the loading matrix in the cointegrating space can be visualized as follows: The unrestricted results from the Johansen (1991 Johansen ( , 1995 cointegration approach have been reported below in Table 9 . Since we are interested in the relationship between budget deficit and interest rate, we normalize the cointegrating relationship with respect to the budget deficit. As in the case of the quarterly data, to have binding restrictions, significant statistics and identified parameters, a number of other restrictions were imposed on the VAR. Specifically, the coefficients corresponding to the change in debt, inflation and balance of trade were restricted to zero. The restrictions, based on the likelihood ratio test, were found to be binding.
11
Based on the above restrictions, the obtained long-run relationship is as follows:
def_gdp =0.239137 tbr +6.029010lrgdp (10)
We find that all the coefficients are statistically significant and a 1 unit increase in the budget deficit leads to a 0.23 increase in the Treasury bill rate. It is important to note that based on the restrictions, the VAR only comprises of the interest rate, the budget deficit and the GDP. However as is reported in the weak exogeneity tests of Table 10 , the only variable that plays a significant role in the short-run behaviour of the cointegrating relationship is the budget deficit, since the null hypothesis of weak exogeneity (the endogenous variable is weakly exogenous) cannot be rejected for the treasury bill rate, the change in debt, the balance of trade, the inflation and the GDP. Reported below are the loading coefficients of the parsimonious VECM: 
CointEq1 0.000000 -0.456200 0.000000 0.000000 0.000000 0.000000 [-6.20911] From the above we can see that the system is stable, in the sense, that the deficit as a percentage of the GDP would tend to bring the system back to equilibrium, in period t+1, following a discrepancy in period t.
12
Figure 2 depicts the cointegrating relationship. The graph indicates mean reverting residuals to the equilibrium. 1965 1970 1975 1980 1985 1990 1995 2000 2005 Cointegrating relation 1
Finally, since we are interested in causality, we test if the coefficients of a particular lagged differentiated regressor are significantly equal to zero in the VECM, or in other words, we carry out the block causality tests of all the variables in the system. 
Conclusions
This paper investigates the temporal causal relationship between government budget deficit and interest rate in South Africa, using a multivariate VECM estimated using Johansen's (1991 Johansen's ( , 1995 VAR satisfies the stability condition. 
